Outcome measure: Primary end points: clinical events (all-cause mortality, stroke, myocardial infarction and heart failure); secondary end points: serum lipid, renal function changes and adverse events.
INTRODUCTION
Chronic kidney disease (CKD) is acknowledged as a cardiovascular disease (CVD) risk equivalent. The incidence of CVD was much higher in patients with CKD than in general population, [1] [2] [3] and CVD has already become the leading cause of death in patients with CVD. As we all known, dyslipidemia caused by renal dysfunction is the most common complication in patients with CKD, and it will in turn contribute to further progression of renal damage and deterioration of renal function, which are mainly characterised with a continuously decreasing estimated glomerular filtration rate (eGFR). 4 It has been proved that a decreasing eGFR is associated with CVD independently of other risk factors. 5 Therefore, the initiation of lipid regulation therapy in patients with CKD as early as possible is quite important and well accepted.
Statin (inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase), which is considered to be the best remedy for lipid regulation, has gained extensive acceptance as a principal therapy for
Strengths and limitations of this study
▪ This study is the first systematic review and meta-analysis to evaluate the efficacy and safety of high-intensity statin therapy in patients with chronic kidney disease (CKD). ▪ High-intensity statin therapy was found to have superior effects on decreasing the incidence of stroke in patients with CKD. ▪ Lack of high-quality primary studies and most trials included are post hoc studies. ▪ There are only six trials included in our meta-analysis, and the small sample size and few reported end points may have an influence on the power of this study. ▪ Since most of the patients enrolled in this analysis had moderate CKD, the available evidences are not suitable for patients with estimated glomerular filtration rate (eGFR) ≥60 mL/min/1.73 m 2 (GFR categories G1-G2), end-stage renal disease and haemodialysis.
primary and secondary prevention of cardiovascular events and death both in confirmed patients with CVD and high-risk individuals. [6] [7] [8] Its excellent cardiovascular protection in these populations does not rely only on lipid regulation effect, but also on its pleiotropic effects including anti-inflammation and stabilising plaque. Also, there is a linear relationship between statin's cardiovascular protection effect and the intensity of statin therapy. A meta-analysis of 40 000 patients has found that high-intensity statin therapy has greater efficacy in reducing the risk of non-fatal events and mortality when compared with a moderate dose. 9 Whether highintensity statin therapy can be effectively and safely used in patients with CKD is still unclear and this question has caused lots of attention from clinical workers worldwide.
Several recent meta-analyses have investigated the effect of statins in patients with CKD and demonstrated that statin therapy could decrease mortality and cardiovascular events in patients with CKD, but not those treated with haemodialysis. [10] [11] [12] [13] [14] [15] However, all of these studies have not evaluated the effect of high-intensity statin therapy on clinical outcomes in patients with CKD. Furthermore, although the 2013 KDIGO (the Kidney Disease: Improving Global Outcomes) clinical practice guideline has recommended initiation of statin treatment in patients with CKD, it does not give out details about statin doses. 16 Whether high-intensity statin benefit more in this particular population remains unclear. Moreover, the increased risks of harm and complication of clinical practice with intensification warrant additional focus. Therefore, we conducted this systematic review and meta-analysis to compare the efficacy and safety of highintensity statin therapy versus moderate/mild-intensity statin or placebo in patients with CKD.
METHODS

Eligibility criteria
Prospective randomised controlled trials evaluating the efficacy and safety of high-intensity statin therapy (atorvastatin 80 mg or rosuvastatin 20/40 mg) in patients with CKD were included. The CKD was defined according to the KDIGO clinical practice guideline (available at http://www.kdigo.org). The outcome measurements contained primary end points (all-cause mortality, stroke, myocardial infarction and heart failure) and secondary end points (serum lipid change, renal function and adverse events). We excluded studies with a follow-up of less than 8 weeks because such studies would not permit the detection of the related mortality or cardiovascular outcomes, and the steady change of renal function and incidence of adverse events could not be effectively recorded with such a short follow-up duration. We also excluded studies that included patients younger than 18 years of age and studies with no access to full text for quality assessment and data extraction.
Search strategy and study selection We searched the databases (PubMed, Embase, Ovid, the Cochrane Central Register of Controlled Trials (CENTRAL) in the Cochrane Library, and ISI Web of Knowledge) for studies published on 18 February 2015, using the following search items: randomized controlled trial, controlled clinical trial, randomly, prospective, high-intensity, high-dose, high-strength, intensive, statin, HMG-CoA reductase inhibitors, atorvastatin, rosuvastatin, simvastatin, pitavastatin, pravastatin, lovastatin, mevastatin, fluvastatin, cerivastatin, aggressive lipid lowering, chronic kidney disease, chronic renal disease, chronic renal insufficiency, chronic renal failure. This search was supplemented with citation tracking of the reference lists including articles and relevant review articles. Two investigators reviewed all the databases searched and retrieved the literature which met our eligibility criteria by title and abstract, and then the full texts independently. Disagreements were solved by discussion or by searching for opinions from a third party.
Data extraction and quality assessment
The same two investigators reviewed the full texts of eligible studies independently and collected data for study and patient characteristics, interventions and items for bias risk assessing. We extracted data on the following outcomes: all-cause mortality, myocardial infarction, heart failure, stroke, the change of low density lipoprotein cholesterol (LDL-C) and renal function, and adverse events. The extraction results of the two reviewers were compared. Disagreements were solved through discussion, and a third reviewer was involved to achieve a consensus when necessary. The bias of the included study was assessed by Cochrane Collaboration's tool 17 and evidence classification was performed by software GRADEprofiler according to the grading of recommendations assessment, development and evaluation (GRADE) criteria.
Data synthesis and analysis
The meta-analysis was performed by software RevMan 5.3 (Cochrane Collaboration) and the statistics were calculated by the Mantel-Haenszel statistical method. For dichotomous outcomes, we calculated relative risk (RR) and corresponding 95% CI. For continuous variables (change from baseline to follow-up), we used weighted mean differences (WMD) with 95% CI to express the outcomes. Statistic heterogeneity was measured using the χ 2 (Cochran Q) statistic and I 2 test. Heterogeneity was not considered as significant when I 2 <50%. Pooled analyses were conducted within fixed effect models, whereas random effect models were applied in conditions of significant heterogeneity among included studies. Results should be only descriptive if data cannot be combined. For all clinical outcomes, an intentionto-treat analysis was utilised. The study was performed in compliance with the quality of reporting for meta-analyses (PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) Statement). 18 
RESULTS
Eligible studies
The derivation of the included studies and the process were described in figure 1. Of 126 potentially relevant trials identified and screened, 33 were retrieved for a full critical appraisal. Six trials [18] [19] [20] [21] [22] [23] were included in the review at last, enrolling 10 993 patients with CKD, with 5537 patients randomised to the high-intensity statin arm and 5456 patients randomised to the control arm. The mean follow-up time ranged from 1.9 to 5 years. The baseline characteristics of the included trials were listed in table 1.
Among the six included trials, five used atorvastatin 80 mg as the high-intensity statin intervention and the remaining one used rosuvastatin 20 mg. The comparator treatments were moderate/mild-intensity statin therapy (including simvastatin 20-40 mg, atorvastatin 10 mg) and placebo. The patients with CKD in five of the included trials evidently suffered from clinical CVD (TNT, 19 IDEAL, 21 ALLIANCE, 20 SPARCL 24 ) and type 2 diabetes (PANDA 23 ). Except for the patients from the PANDA trial who were diagnosed with CKD due to microalbuminuria and proteinuria, all the other participants were diagnosed with CKD because the level of eGFR was less than 60 mL/min/1.73 m 2 . Furthermore, most of the enrolled patients had moderate CKD (eGFR 30-59 mL/min/1.73 m 2 ), and very few had severe CKD (eGFR 15-29 mL/min/1.73 m 2 ). All trials had explicitly described the random sequence generation and allocation. Two trials were open-labelled but with blind outcome assessment and neither trial presented attrition and reporting bias. All studies appeared to undertake an intention-to-treat analysis according to initial random allocation. The judgements about the risk of bias of each trial are presented in figure 2 . The evidence classification results were demonstrated in table 2.
All-cause mortality
Data on all-cause mortality were available in 9393 patients from five studies. As shown in figure 3A , a total of 730 patients died during the follow-up period. Pooled analysis showed that there was a point estimate consistent with reduced all-cause mortality but with a CI that marginally included no effect (RR 0.85, 95% CI 0.67 to 1.09).
Stroke
Information about 347 strokes was available among 9274 patients. Results showed that compared with the control group, the high-intensity statin group had a lower incidence of myocardial infarction with a significant difference (RR 0.69, 95% CI 0.56 to 0.85) (figure 3B).
Myocardial infarction and heart failure Among three comparisons in 6167 patients, 259 patients had myocardial infarction during follow-up. Metaanalysis showed no clear prevention of myocardial infarction of high-intensity statin in patients with CKD with low evidence when compared to non-intensive statin or placebo (RR 0.69, 95% CI 0.40 to 1.18) ( figure 3C ). Myocardial infarction was reported in 252 patients from three trials. The analysis result showed that there was no significant difference between the two groups and indicated that high-intensity statin therapy had no superiority in reducing the incidence of heart failure (RR 0.73, 95% CI 0.48 to 1.13) ( figure 3D ).
Effects on lipid levels and renal function
Information about the effect of high-intensity statin therapy on reducing the level of LDL-C was available in four included trials. In a Treating to New Targets (TNT) trial, the mean change of LDL-C levels from baseline to follow-up attained at the final visit with atorvastatin 80 mg versus atorvastatin 10 mg was −17.5 and 2.7 mg/dL, respectively, in patients with CKD. Similarly, data from the JUPITER trial demonstrated that rosuvastatin 20 mg could reduce the level of LDL-C to a larger degree (nearly −50 mg/dL) in patients with CKD. In addition, the SPARCL trial reported that high-intensity statin therapy had better effects on reducing the degree of LDL-C (from 134.4 mg/dL to 79.6 mg/dL) in comparison with placebo (from 134.3 to 121.9 mg/dL). The same results were also found in the PANDA trial, in which the adjusted mean difference between the highdose and low-dose groups during follow-up was −0.6 ( p<0.001). In conclusion, high-intensity statin therapy had an excellent effect on lowering the level of LDL-C. Meta-analysis conducted with data from three trials demonstrated that high-intensity statin showed no strong superiority in increasing eGFR with high evidence (WMD 1.09, 95% CI 0.35 to 1.82) (figure 3E). However, two other trials which also gave out the information about eGFR change had an opposite opinion. The JUPITER trial reported that among the patients with eGFR <60 mL/min/1.73 m 2 at baseline, the median eGFR levels at 12 months were 53.0 vs 52.8 mL/min/ 1.73 m 2 ( p=0.44). The PANDA trial also reported that after adjusting for baseline renal function and other covariates (baseline age, gender, renal function, smoking, etc), there were no significant between-group differences during follow-up in any measure of renal function. Throughout the five trials, only the PANDA trial gave out detailed information about other renal function measurements, including the albumin:creatinine ratio, serum creatinine, cystatin C, creatinine clearance, albumin excretion and excretion. All data showed that there was no evident association between high-intensity statin therapy and renal protection. Therefore, it was quite difficult to draw conclusions on the effect of highintensity statin on renal function and more evidences with high quality are needed to illustrate it.
Safety evaluation
Data on any serious adverse event were available in four trials. As depicted in figure 4A , 664 patients had suffered from any serious event. The meta-analysis results demonstrated that high-intensity statin therapy had no clear Figure 2 Risk of bias summary: review author judgements about each risk of bias item for each included study. Green means low risk, red means high risk, yellow means unclear risk. association with increased incidence of any serious adverse event (RR 0.97, 95% CI 0.85 to 1.11). Information about the rate of persistent elevation of liver enzymes (aspartate aminotransferase or alanine aminotransferase was available in three trials. Although the total incidence rate was much higher in the high-intensity statin group (1.1% vs 0.15%), pooled analysis illustrated no significant difference between the two groups (RR 5.59, 95% CI 0.40 to 77.37) ( figure 4B ). Myopathy and rhabdomyolysis only happened in 10 and 3 patients, respectively, in patients with CKD, and as illustrated in figure 4C , D, intensive statin also had an unclear relationship with increased incidence of myopathy and rhabdomyolysis when compared with placebo (for myopathy, RR=0.42 and 95% CI 0.11 to 1.64; for rhabdomyolysis, RR=0.67 and 95% CI 0.11 to 4.07). In addition, only one patient was detected to suffer from abnormality of creatine phosphokinase with the data extracted from the TNT, ALLIANCE and SPARCL trials. However, although the incidences of adverse events were very low and pooled results showed no significant difference between the intervention and control groups, it was still insufficient to put off the doubts that high-intensity statin might increase adverse events because very few included trials gave out the data of every individual adverse event and the evidence quality of most pooled results was not high.
DISCUSSION
The present study is the first systematic review and meta-analysis to evaluate the efficacy and safety of highintensity statin therapy in persons with CKD. Although previous meta-analyses had demonstrated that statin therapy could safely play a role in preventing cardiac mortality and cardiovascular events in patients with CKD, we only observed an advantage of high-intensity statin therapy in decreasing the incidence of stroke in our meta-analysis. However, its effect of preventing all-cause mortality, myocardial infarction and heart failure remains unclear with low evidence. More large trials with high quality are needed to explore the effect of high-intensity statin therapy on clinical outcomes. After carefully reviewing the data about the level changes of LDL-C and eGFR, we found that high-intensity statin had obvious effects on lowering the LDL-C level but no clear effects on renal protection. When we come to safety evaluation, the occurrences of most of the adverse events are very low and pooled results showed no significant difference between high-intensity statin therapy and non-intensive statin therapy or placebo in any serious adverse event, persistent elevation of liver enzymes, myopathy and rhabdomyolysis. However, with limited data source and low quality evidence, the results of safety evaluation in our study remain controversial and more trials with highquality evidence are needed to detect high-intensity statin's adverse effects in patients with CKD. In the treatment of atherosclerotic vascular disease, statins have already surpassed all other classes of medicines in reducing the incidence of the major adverse outcomes of death, heart attack and stroke. 25 Current guidelines recommend that high-intensity statin therapy should be initiated for adults ≤75 years of age with clinical atherosclerotic cardiovascular disease who are not receiving statin therapy and that the intensity should be increased in those who receive a low-intensity or moderate-intensity statin therapy, unless they have a history of intolerance to high-intensity statin therapy or other characteristics that may influence safety. However, the evidence of highintensity statin use in adults with CKD was insufficient. 16 Several recent overviews and meta-analyses consistently suggested benefits from statin therapy in persons with CKD, but they did not focus on the efficacy and safety of high-intensity statin therapy. 10-15 26 In our meta-analysis, although high-intensity statin therapy showed no clear benefit in decreasing the incidence of all-cause mortality, myocardial infarction and heart failure in persons with CKD, its role in reducing the incidence of stroke was well established with high quality evidence.
Several studies have shown that eGFR and albuminuria are associated with incident CVD, coronary heart disease, stroke and heart failure events in varying populations. 27 28 In our systematic review, we have carefully evaluated the effect of high-intensity statin therapy on the eGFR level to clarify the puzzle whether it has partial cardiovascular protection through increasing eGFR in patients with CKD. Unfortunately, we find no clear relationship between high-intensity statin therapy and increased eGFR levels. This situation may be ascribed to the long treatment duration, as a meta-analysis enrolling 20 trials and 6452 patients with CKD demonstrated that glomerular filtration rate depended on treatment duration-a significant increase was observed between 1 and 3 years of statin therapy, with no significant increase for both<1 and >3 years of the therapy. 29 Only one of six trials gave out the information about the change of albuminuria level in this review, and therefore its result was insufficient to cover the whole population. As a result, more high quality evidences are needed to explore the renal protection effects of high-intensity statin in patients with CKD.
With functional or structural abnormalities of the kidney, patients with CKD are considered to be more vulnerable to high-dose or intensive drug application than the general population, because of reduced renal excretion, frequent polypharmacy and high prevalence of comorbidity in this population. However, in this study, we could not observe significant differences in all of the safety evaluation between the high-intensity statin therapy and control groups. The same results have also been found in a meta-analysis evaluating the efficacy and safety of high-intensity statin therapy in patients with CVD with age more than 65 years, which is a risk factor for CKD and also an inhibiting factor for highdose or intensive drug application. 30 These results give us more confidence in high-intensity statin therapy's safety application in patients with CKD.
The current guideline (KDIGO) recommends statin initiation in adults with eGFR less than 60 mL/min/ 1.73 m 2 but not requiring dialysis and renal transplant. However, it does not give out detailed information about the recommended dose. So, we want to clearly determine what strength of statin therapy is more effective. In the five trials which have reported the clinical events, only one trial ( JUPITER trial) was designed to compare the effects of high-intensity statin with placebo, whereas all the other four trials were designed to compare atorvastatin 80 mg with moderate or mild-intensity statin treatment. After abandoning the data from JUPITER, the pooled analysis still showed consistent results in allcause mortality, stroke and myocardial infarction in patients with CKD.
Limitations
Our review also has some limitations. First, our study lacks high-quality primary studies and most trials included are post hoc studies. Second, there are only six trials included in our meta-analysis, and the small sample size and few reported end points may have an influence on the power of this study. Third, since most patients enrolled in this analysis had moderate CKD, the available evidences are not suitable for patients with eGFR ≥60 mL/min/1.73 m 2 (GFR categories G1-G2), end-stage renal disease and haemodialysis.
Conclusion
High-intensity statin therapy could effectively reduce the risk of stroke in patients with CKD. However, its effects on all-cause mortality, myocardial infarction, heart failure and renal protection remain unclear. Also, it is hard to draw conclusions on the safety assessment of intensive statin treatment in this particular population. More studies are needed to credibly evaluate the effects of high-intensity statin therapy in patients with CKD.
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